Osteoarthritis is the most common, incurable joint disease. The rapid pace of the disease has adverse consequences in the quality of patient's life, while affecting healthcare systems. The research interest is focused on cost-effective and without side-effects methods to reduce the symptoms and improve the quality of life. Several dietary factors have been linked to the health of cartilage tissue, inflammatory processes and the progress of osteoarthritis. Mediterranean diet (MD) is a dietary pattern that was adopted by people living around the Mediterranean sea. This term first appeared in 1950, by Ancel Keys. It's characterized by high consumption of vegetables, unprocessed grains, fruits, legumes, seeds, modest consumption of fish and poultry and olive oil is the principal fat source. Emerged data emphasize the beneficial effects of MD against chronic inflammation, metabolic complications and chronic diseases. There are few studies investigating the effect of MD against osteoarthritis, but apparent evidence is encouraging, this highlights the need for further research of the relationship between MD and osteoarthritis. The purpose of this work is a literature review between the effect of MD and its components and the progress of osteoarthritis.
Introduction
Osteoarthritis (OA) is a common incurable chronic rheumatic disease. It is known that prevalence of OA is significantly increased by the advance of age. The characteristics of OA are degradation of the cartilage, inflammation of the synovial membrane and the restructure of the subchondral bone. It's indicated that inflammation signifies the outcome of OA, that subsequently results in reduced mobility and disability 1 . Recent data show that hip and knee OA is recorded as the 11 th most frequent disability factor, worldwide. Taking into account the strong connection between OA and age, it will climb up to the 4 th place until 2020 2 .
It has been mentioned that interactions of different factors can trigger the development of OA in people with suffered joints or genetic predisposition. These risk factors can be classified into modifiable and non-modifiable, among them obesity, age and mechanical stress appear to have leading role 3, 4 . The rapid development of disease has obvious consequences, on the quality of life, while affecting healthcare systems. It seems mandatory to devise methods that are cost-effective to apply and cause minimal or zero side-effects; these methods will improve the quality of life by enhancing mobility and reducing the pain symptoms 3 .
The diet has been a major discussion field for the health promotion and prevention of non-communicable diseases. Although there is no clarification on the role of dietary factors in the pathogenesis of OA, data suggest that nutrients affect the health and integrity of cartilage. It has been presented that among patients with OA, the nutritional status is poor, a micronutrient deficiency may be apparent; either as a result of disease or medication 5 . A number of nutrients have been linked to inflammatory processes and especially disease's progression 3 .
Studies indicate negative association between dietary antioxidant intakes with the outcome of OA. It has been presented that low dietary intake of vitamin C was linked with a raised risk of pain and progression of radiological features in the knee. Findings also indicate that increased intake of antioxidants, specifically vitamin C, may decrease the risk of cartilage loss and disease progress in osteoarthritis patients 6 .
Johnston County Osteoarthritis Project revealed that the high ratio of alpha/gamma tocopherol linked with 50% lower risk for radiological features' development in knee osteoarthritis 7 . The role of these two isoforms of tocopherol, is of great scientific interest 7 . In contrast, clinical trial investigating the impact of tocopherol supplementation on symptoms of knee OA failed to show any improvement in OA's symptoms 8 .
The vitamin K is of great importance in tissue mineralization and cartilage 3 . Neogi shown that low levels of plasma phylloquinone (<0,5 nmoles/l) were associated with an increased prevalence of OA, osteophytes in hand and knee. Less clear is the connection between the levels of vitamin K plasma and radiographic features in OA of the knee 3,9 . It has been stated that the combination of lack of iodine and selenium leads to impaired cartilage, bone development and bad outcome of knee OA 12 . While it has been showed that alterations in the expression of collagen type X (ColX) and parathyroid hormone related peptide, was compatible with Kashin-Beck osteoarthropathy, due to selenium and iodine deficiency 10 . Moreover, it has been reported that selenium may help prevent the occurrence of Kashin-Beck osteoarthropathy 11 .
Additionally, modifiable metabolic risk factors may lead to raised cartilage loss. One of the factors for metabolic disorders which has been assessed, was the levels of dietary fat intake. It has been proposed that increased consumption of n-6 fatty acids is linked to raise risk of subchondral knee bone deterioration. Other studies noticed that fat consumption is linked to the expression of leptin from the adipose tissue, which may promote nitric oxide synthesis in chondrocytes affected the bad outcome of OA 13 .
Mechanisms which nest in OA pathogenesis have not been elucidated yet. Although there is scientific interest for investigating the relationship between OA and risk factors, there is a little bibliography analyzing the MD's healthy benefits in OA progression. The purpose of this work is a literature review between the effect of MD and the progress of OA.
The characteristics of traditional Mediterranean diet
The term "Mediterranean Diet" was first used by Ancel Keys, in the 50s, in order to describe the eating pattern which was followed by Mediterranean people. The Mediterranean Countries were included in the Seven Countries Study and the cardioprotective effect of Mediterranean dietary habits first demonstrated 14 .
The MD is the imprint of interactions among humans, cultures and food. In the Mediterranean area there are differences such as cultural, religious, economic and differences related to agricultural production of the country 15 , which characterize people and this results in the formation of different variants of the Mediterranean diet with common aspects 16 . In 1993 the International Conference on the Mediterranean diets, was decided what would be considered as a healthy, traditional Mediterranean dietary pattern. The characteristics of traditional MD 15,17 are the following: 1) Increased consumption of fresh, seasonally and locally grown fruits and vegetables, on a daily basis, 2) Increased consumption of legumes, seeds, unprocessed cereals and their products, tree nuts, olives, on a daily basis, 3) Moderate consumption of poultry, dairy products (mainly yogurt and cheese), 4) Moderate consumption of ethanol, primarily wine, accompanied with meals, 5) Moderate consumption of fish and seafood, 6) Low consumption of meat and meat products and 7) Olive oil is the basic source of fat.
Those characteristics lead to high intake of monounsaturated and polyunsaturated fatty acids, at the same time, low intake of saturated and trans fatty acids, high intake of dietary fiber, minerals, antioxidants, such as b-carotene, tocopherols, vitamin C and phenolic components 15 .
Continuously, data highlight the preventive role of MD against CVD, risk factors of metabolic syndrome, inflammatory biomarkers, insulin resistance, diabetes mellitus type 2 18 . Although some aspects of Mediterranean diet's mechanisms remains to be clarified, it is believed, that patients with OA may benefit from the higher adherence to MD.
The role of Mediterranean diet against osteoarthritis
In the last years, the effects of traditional MD against OA have been documented. A cross sectional study, with data from the Osteoarthritis Initiative, and sample of 4358 participants, examined the association of adherence to MD with the prevalence of OA 19 . The adherence to Mediterranean diet was assessed according to the Mediterranean diet score by Panagiotakos, based on food frequency questionnaire. The consumption of 11 food groups (range 0-55) was taken into account. Higher Med Diet score indicate greater adherence to the MD. The study highlighted that after adjusting for 10 potential confounders, people with the highest adherence to MD had 17% lower prevalence of knee osteoarthritis (OR: 0.83; 95% CIs: 0.69-0.99, p=0.04). Moreover, participants with the greatest adherence to MD significantly reduced Body Mass Index (BMI) and suffered from less morbidity, such as Diabetes Mellitus type 2 (DM2) compared to those with lower adherence to MD. These factors seem to impact the prevalence of knee OA in people with the highest adherence of MD. It was also observed that evaluating the individual elements of Mediterranean diet only the higher cereal consumption was associated with reduced incidence of knee OA, probably through anti-inflammatory and anti-oxidant properties, due to high content of vitamins and minerals 19 .
Veronese and his colleagues, this time, revealed that participants with OA and greater adherence to MD had better status of health and quality of life. The consistent MD consumption was associated with less pain and lower disability, suggesting that MD has a beneficial effect on various aspects associated with disability leading to healthier aging 20 .
A Clinical trial investigated the effect of MD in cartilage degradation and inflammatory biomarkers, in osteoarthritis patients, pointed out that participants with the MD intervention, had improvements in their dietary habits and this led to weight loss 21 . Research has shown that weight loss is associated with improvements in pain and mobility in patients with OA 21, 22 . Besides, there was a reduction of IL-1a and cartilage oligomeric matrix protein in serum "sCOMP" (cartilage degradation significant marker) in the MD intervention group. The study raised concern about effect of MD to OA and the need of analyzing these changes in long term studies 21 .
Another study presented that four months dietary intervention with MD to OA patients resulted in a significant improvement of OA biomarkers and a modest reduction sCOMP. According to these results, simple changes in dietary habits may help OA patients to manage the outcomes of their disease and to improve quality of life. However, the effect of MD on the OA pathophysiology and progression is required to be examined in long term and in a larger sample studies 23 .
The components of Mediterranean diet as protective mediators in osteoarthritis

Olive Oil
Olive oil is the primary source of fat in the MD and a rich source of polyphenols, monounsaturated fatty acids (oleic acid) and tocopherols. The bibliography analyzing the effect of olive oil components on rheumatoid arthritis (RA) is more extensive and has produced encouraging results. Fewer studies examine the relationship between olive oil and OA with emerging evidence towards proving that components of olive oil exert anti-inflammatory and antioxidant properties against OA 4 .
The progress of OA is associated with prolonged production of proinflammatory cytokines that stimulate chondrocytes which in turn produce cartilage-degrading enzymes that lead to the synthesis of nitric oxide (NO) and increase the synthesis of Prostagladin E2 (PGE2) which can be involved with pain in osteoarthritis. NO plays a critical role in OA and it has been noted that the final product of NO, is expressed in the synovial fluid of OA 24 .
Study that examined the effect of virgin olive oil components in RA mice model concluded that the oral administration of olive oil exhibited anti-inflammatory properties and minimized the swelling, migration of inflammatory cells, decrease cartilage deterioration and bone erosion. The anti-inflammatory effects of the olive oil components were attributed to phenolic compounds, which appear to modulate the local concentrations of inflammatory cytokines 25 . Another study presented that OA patients have been benefited from 28 weeks administration of olive extract supplement, resulting in reduction of pain, inflammation, and improving quality of life, with anti-inflammatory factors have affected in localized inflammation of joints to OA patients 26 .
Olive oil's phenol secoiridoid oleocanthal has been reported to exhibit anti-inflammatory activity by reducing cytokines, such as granulocyte-macrophage factor (GMCSF), IL-6, IL-1, and tumor necrosis factor-a (TNFa) 4 . Furthermore, oleocanthal seemed to exhibit anti-inflammatory capacity, through reduction of NO, in chondrocytes and normalizes prostaglandin synthesis via reduction of cyclooxygenase (COX) enzymes improving the status of RA and OA 24 .
Quality of Fat
The traditional MD is linked to the consumption of fish, vegetables, nuts, which are rich in PUFAs and lead to lower n-6 to n-3 fatty acid ratio 4, 17 . In the past, fish consumption has been moderate overall, thought it also used to be proportionate to sea proximity 15 . Moreover olive oil and olives offer MUFAs and especially oleic acid 4, 17 . Essential fatty acids (FA) that comprise more than one double bond in their chemical structure are called polyunsaturated fatty acids (PUFAs). They're precursors of eicosanoids, those are leukotrienes, prostaglandins, thromboxanes. These factors are mechanisms mediators in bone metabolism and inflammation. The COX and lipoxygenases (LOX) mediate the modification of the PUFAs into eicosanoids. N-6 and n-3 series comprise diverse eicosanoids. Eicosanoids derived from n-6 are proinflammatory, contrariwise, eicosanoids came from n-3 are less proinflammatory. The PGE2 are composed from n-6, were linked to the restraining anabolic processes and caused increasing cartilage degradation. Ιt has been stated that control of the precursors of prostaglandins is possible to affect the onset and progress of OA 27 .
A diet rich in n-3 FA is beneficial since it may be associated with reduction of the symptoms of both OA cartilage and subchondral bone. Moreover, supplementation of n-3 FA leads to reduction of the OA symptoms. The n-3 FA producing anti-inflammatory resolvins, docosatrienes, etc. Compounds derived from n-3 FA decrease gene expression of proteinases cartilage lesions, inflammatory cytokines and decrease the proliferation of lymphocytes. Conversely, references indicate that high intake of n-6 FA, a Western's diet characteristic, linked to several inflammatory processes like OA cartilage. Additionally, eicosanoids derivatives of n-3 FA compete with n-6 PUFAs, in receptor level, restrict gene expression of COX-2 but not COX-1 28 .
Concerning the bone marrow lesions (BMLs), it has been shown that elevated levels of fat and n-6 PUFAs exist in the bones of patients with OA, while the n-3 PUFAs have been associated with regulation of catabolic factors on cartilage damage 29 . Recent studies show that dietary fat plays an essential role in the development BML. It has been presented that rise intake of MUFA and n-6 PUFAs are linked to BMLs 30 .
A Longitudinal study, observed that increased intake of saturated fatty acids was related to incident of BMLs 31 . In order to clarify these effects further research is required.
Fruits, Vegetables, Cereals
The MDP is characterized by daily intake of fruits, vegetables and cereals rich in soluble, insoluble fibers and phytochemicals. They're also characterized by low fat and cholesterol content and high content in carbohydrates, vitamins A, C, magnesium and selenium (particularly vegetables grown in seleniferous soil, such us carrots, onion, potato, and cabbage).
The bibliography has observed positive relationship between fruit and vegetable consumption and health indicators of bone and joint diseases, although there are few studies in humans. It is believed that soy isoflavones, orange flavonoids, onion's and tomato's carotenoids are bioactive ingredients for joint health. Flavonoids have antiinflammatory and antioxidant activity in animals and cultured cells. Sulphoraphane, an inducer of phase II enzymes from cruciferous vegetables, affects cultured cells by relating it with joint health. Pomegranate extracts contribute to protection of chondrocytes in OA posttraumatic model in rats. It seems that the synergistic action of phytochemicals is associated with the improving health of joints more than the individual components 32 . Studies have indicated the beneficial effect of dietary fiber in the pain of joints in OA. Specifically, the daily intake of 25 g dietary total fiber is related to low risk of moderate and severe pain, in eight years follow up 33 . Other results presented fruits, vegetables consumption is associated with healthier lifestyle 19, 33 .
Phenolic Compounds
The existing evidence proves that the reduction of both Oxidative stress and inflammatory activity may protect against the outcome of OA via the modulation of the imbalance of catabolic and anabolic activity.
Data highlights that dietary polyphenols protect against the OA development by alleviating chondrocyte inflammation and cartilage destruction. Polyphenols interact with tissues that bind the articulation resulting in reduction of synovial pain.
Literature presents the anti-catabolic effects of tea and pomegranate polyphenols, curcumin and citrus nobiletin. Increased levels of polyphenols in tissues may lead to: 1) reduction of the inflammatory processes by reducing IL1-β, IL-6, IL-8, TNF-α, 2) reduction of the synthesis of NO, COX-2, PGE2, 3) reduction of expression of chemotactic factors (MCP-1) by reducing NO levels 34,35 , 4) raised levels of matrix synthesis and anabolic cytokines, 5) interruption of oxidation by reacting with free radicals and neutralize them and 6) reduction of cell death and enhancement of chondrocyte proliferation.
Polyphenols derived from fruits, vegetables, grains, legumes and wine, appear to be associated with better OA outcome [34] [35] [36] . Polyphenols are a promising research field to explain their possible operating results against OA.
Antioxidants
The MD has been proved to increase antioxidant capacity. Research findings highlighted the role of dietary antioxidants in the pathophysiology of OA. Although more research about the role of antioxidants in OA is essential, many promising evidence has been raised about vitamin C, tocopherol, selenium and osteoarthritis.
Ascorbic acid has been presented to reduce the bone marrow damage and the bone size, significant factors for the pathogenesis of knee osteoarthritis. Lutein and zeaxanthin were also linked to reduced cartilage lesions, regardless of vitamin C. Moreover, beta-cryptoxanthin was associated with tibial plateau bone area reduction 37 . Framingham OA Cohort Study promoted that intake of ascorbic acid reduces the outcome of osteoarthritis in knee, and tocopherol declines the development of OA in males 6 . Other studies examining the effect of vitamin C and E supplementation against OA showed no correlation 38, 39 .
There are limited data on the role of carotenoids in knee osteoarthritis. The Framingham OA Cohort Study revealed that intake of beta-carotene was associated with reduction of progression of symptomatic knee OA 6 . Another study presented participants with increased levels of serum lutein or beta-cryptoxanthin developed knee OA to a lesser degree, on the contrary, it was more possible participants with the highest concentrations of serum beta-carotene or zeaxanthin to develop knee OA 40 .
Suggested protective mechanisms of the Mediterranean diet in osteoarthritis
Anti-inflammatory Properties
The literature describes osteoarthritis as an inflammatory condition. The inflammatory process contributes to the symptoms of OA progression. The most prominent clinical symptoms include joint pain, cracking, stiffness and difficulties through movements. Some radiographic features are the loss of cartilage, formation of osteophytes and modifications in subchondral bone 1 . It has been reported that inflammatory modifications are observed in synovial lining of the synovium. These mediators are macrophages, the proinflammatory cytokines, like TNF-a, NO, metalloproteinases (MMPs), IL-1a, IL-1b, IL-15, IL-17, IL-8 and PGE2.
Traditional Mediterranean diet is characterized by increased consumption of virgin olive oil, fruits, vegetables, legumes, whole grain and fish. Those are sources of MUFA, n-3 PUFA, ascorbic acid, carotenoids, vitamin E, phytochemicals with antinflammatory properties, that lead to protection against inflammatory and oxidative processes 41 . In vitro and in vivo studies, conclude that non-fat and fat components of MD have substantial antinflammatory properties, via modulation of the expression of genes with proinflammatory actions, regulation of arachidonic acid (AA) sequence and the activity of immune system 4 .
Significant MD components, which are associated with reduction of inflammation, are n-3 fatty acids and oleic acid (olive oil's MUFA). The arachidonic acid (AA) is synthesized in human body by the linoleic acid (n-6 PUFAs). The synthesis of AA can reduce inflammation through regulation of eicosanoid production, influencing the tissue arachidonic acid levels 4 . Dietary n-3 fatty acids lead to arachidonic acid content decrease and, in vitro, composition of eicosanoids. They also change plasma phospholipids production for series -3, -5 prostaglandins, in vivo. Oleic acid is referred to "modulate the expression of genes inhibited signal transduction and cytokine production". Oleic acid's supplementation in mice model suppressed the synthesis of IL-6, IL-1β and enhanced neutrophil function 42 . Furthermore, it has emerged that MD exhibits immunomodulatory effects through integration of DHA and EPA in cell lipids and through restricted synthesis of arachidonic acid 43 .
Virgin olive oil's non-fatty constituents have a beneficial effect against proinflammatory cytokines. Arginine, dietary fibers, magnesium, phenolic compounds and other phytochemicals have anti-inflammatory properties. The olive oil's phenol secoiridoid oleocanthal, exhibits significant anti-inflammatory activity by reducing cytokines 4 .
Antioxidant Capacity
It has been observed that the increased adherence to the MD results in high antioxidant capacity 44 . Another study documented that consistent consumption of MD lead to increased vitamin C levels and reduced levels of F2-isoprostane, indicator of oxidative stress in healthy individuals 45 .
The literature suggests that MD may reduce oxidative stress biomarkers. Τhese biomarkers are affecting the onset of OA, through the rise of levels of collagen type II, while increasing the expression of aggrecan and inhibit the apoptosis of proteins related to the protection of cartilage 46, 47 .
The MD components hydroxytyrosol, resveratrol and oleuropein show antioxidant action in vitro, as they constrain the activation of transcription NF-kB factors and AP-1 and decrease the expression of endothelial adhesion molecules 48 . The relative expression of COX-2 and the production of prostanoids and metalloproteinases have significant importance in angiogenesis, pathogenic mechanism connected to chronic arthritis and atherosclerotic vascular diseases 49 . It has been also reported that olive's polyphenols provide protection against oxidative stress by reducing the reactive oxygen species. The available evidence indicates that the MD, through direct supply the body with antioxidants, brings great benefits, reducing oxidative stress. 
Body Weight maintenance
Evidence suggests obesity as an important risk factor for the progression of knee OA. Findings of the Framingham Study show obesity precedes from knee OA 50 . Other studies link obesity with radiological findings of knee OA 51, 52 . Twins research study demonstrated that it isn't genetic factors that cause the relationship between Body Mass Index (BMI) and knee OA, data indicating that environmental modifications in BMI may benefit patients with OA 53 .
Several studies indicate that increased adherence to the Mediterranean diet is linked to a decreased incidence of obesity 54, 55 . In contrast, there have been studies that show no correlation 56 . However, most of the available evidence promotes the benefits of MD in BMI regulation.
Strong evidence suggests that dietary fiber intake is associated with satiety and reduced calorie intake. Clinical studies show that high intake of dietary fiber increases satiety and reduce hunger compared to the low fiber intake. Additionally, the literature examining the effect of high fiber diet on caloric intake and weight loss conclude to the reduction of both 57, 58 . There is an evidence that MD, a rich source of soluble and insoluble dietary fibers is associated with body weight regulation 59 . However, the relationship between MD and the progress of OA through the regulation of body weight needs further investigation.
Reversion of the Metabolic Syndrome Status
Metabolic Syndrome (MS) is a combination of abdominal obesity, dyslipidemia, elevated blood pressure levels and impaired glucose tolerance 60 . MS is considered as a major risk factor for morbidity and mortality from cardiovascular disease.
Several research data link OA with the components of MS. It has been demonstrated the connection between diastolic pressure and knee OA. Another study shown OA hand was significantly correlated with high serum cholesterol levels, in females. Other studies suggest that people with OA appeared to have high glucose levels, while it's been stating that metabolic components, such as increased blood glucose levels, hypertension, hypercholesterolemia associated with knee osteoarthritis 61, 62 . It's suggested that knee osteoarthritis shares components with MS, such as age and obesity [63] [64] [65] . At the same time data indicates that cardiovascular diseases are frequent among people with OA 29 .
The pathophysiology of cardiovascular diseases aggravates the OA. It has been observed the decrease in blood flow through the vessel to the subchondral bone because of venous obstruction, impaired venous circulation based cartilage plate, hypercoagulability and hypertension. The previous findings lead to subchondral bone ischemia, reduced supply of nutrients and oxygen to the cartilage plate leading on the death of osteocytes. Thereafter bone resorption occurs, affecting adversely the viability of the subchondral bone. Histologically, it is observed osteonecrosis, disorders in bone remodeling and swelling 29, 66, 67 .
Framingham Offspring Study, with 2834 volunteers showed that the consumption of cereals and whole grains products reduce the risk of metabolic syndrome 68 . The ATTICA study 69 , revealed that higher adherence to MD linked with 20% lower risk for metabolic syndrome, after adjustment for confounding factors. It has been demonstrated that the combination of MD components protects against the onset of MS 70 . A recent study with 4358 individuals pointed that people with high adherence to MD significantly improves BMI and showed fewer morbidities, such as type 2 diabetes compared to those with lower adherence. These individuals had also lower prevalence of knee osteoarthritis 19 .
The above findings raise the need for long term research to examine the role of Mediterranean diet through the reverse of MS, by modifying the components of MS, in progress of OA.
Conclusion
Mediterranean diet is investigated at times in prevention and treatment of chronic diseases. The role of MD in arthritis has been researched mainly against Rheumatoid Arthritis with promising results. The research landscape that describes the effect of MD in OA progress is still unclear. However, emerging data reveal that anti-inflammatory and antioxidant properties of MD are promising parts against Osteoarthritis progression. This highlights the need for further research between mechanisms actions of MD and the outcome of OA.
Mediterranean diet is not only an adequate dietary pattern but a holistic balanced and healthy lifestyle with benefits to the quality of life. In any case, MD could be an integral part of everyday lives of OA sufferers.
